Abstract. The operator of the optical beam propagation through turbulent environment using the Fresnel approximation is being considered. The correlation function of random field describing inhomogeneous medium is given in the form of Gaussian function. The process of random field modeling using the Fourier transform is demonstrated. A selective correlation function is calculated, the deviation from the preset one is defined. The intensity distributions after propagation of optical beams in free space and in a random medium are given. As the input beam such optical distributions as Hermite -Gauss modes, rectangular pulse, and vortex beams were considered.
Introduction
Distribution of the optical signal in a free space can be subject to distortions associated with the turbulence of the medium [1, 2] . Due to the properties of turbulence random changes in atmospheric refractive index can cause distortion of the laser radiation intensity. Classical methods for describing wave propagation through the turbulent atmosphere are based on the Rytov method applications [3] and the method of parabolic equations [4] , connection between them has been demonstrated previously [5] .
With the help of these methods propagation of optical signals from partially coherent source has been investigated [6, 7] , and also features of propagation of different laser beams in a turbulent medium have been studied, including Gaussian beams of higher orders [8] , hollow beams [9] , diffraction-free beams, such as Gauss-Bessel and Eerie beams [10, 11] , as well as cosine beams [12] . Wherein it was found that the higherorder Gaussian beams, including vortex bundles [13] , as well as various spatially structured bundles become broader under the influence of turbulence in a lesser de-Information Technology and Nanotechnology (ITNT-2016) 56 gree than the fundamental Gaussian beam. In addition, the spread of beams with an inhomogeneous polarization in a turbulent medium was studied [14, 15] . The most convenient and effective means of forming random beams with specified properties are the methods of diffraction optics [16] [17] [18] [19] [20] .
In this paper modeling of random optical beams through random medium with a given correlation function in the form of the Gaussian function is being considered. The comparative calculations of the propagation of Gaussian modes (Hermite-Gaussian and Laguerre-Gaussian) through the random medium are being performed.
Passing through the random medium
The distribution of a laser beam in a random medium can be described on the basis of the integral expressing the extended Huygens-Fresnel principle [8, 21] :
y is a field in the input plane (at z = 0),
t is a field at a distance z from the input plane, ( , , , , )
is a random part in the propagation operator, related to atmospheric turbulence,  is the frequency of laser oscillation, t is time. Equation (1) corresponds to the Rytov method [21] , and the function ( , , , , )
x y u v z  describes accidental deviations of the phase function of a spherical wave, propagating from the initial to the output plane. Note that in this way the complex phase can be implemented also in other integral transforms, for example, into fractional Fourier transform [22, 23] which describes propagation of optical signal in parabolic fiber [24, 25] . Consider the one-dimensional case for simplicity. Let the correlation function of the random field has the shape of a Gaussian function: x , but not on each one of them individually. Moreover, it does not depend on the coordinates in the output plane 1 u and 2 u , but it depends only on the distance z to it.
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Let us assume that the average intensity of the beam passing through a turbulent atmosphere is maintained, and for this we`ll define the average amplitude of the random field equal to one:
3
Generation of random field
Without loss of generality let us consider a random field with zero mathematical expectation, ie, a field of the type:
since after its modeling it is easy to get the desired selection:
Wherein the correlation function remains unchanged:
Let us drop all the variables, except x , and assume that the required random field () Ux can be obtained through the passage of a complex-valued white noise () x  with a unit dispersion and a correlation function equal to the Dirac delta function () x  , through a linear filter:
where the asterisk * denotes convolution operation, () hx is a determined function (pulse characteristic). Then the generation problem reduces to finding () hx function. By definition, the correlation function () Ux is equal to: 
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Thus, we find that the correlation function () U Rx can be defined as autocorrelation of the function () hx :
where the  symbol denotes the operation of mutual correlation. Using the Fourier transformation , we get:
from where
The last formula makes it possible to find the () hx function, using the inverse Fourier transform. However, for calculation according to formula (7) the easiest way is to reuse the Fourier transform to avoid fold operation:
.
Modeling of () Ux random field can be realized by the formula (12) using a fast Fourier transform algorithm. Note that the Fourier transform from white noise will also be white noise.
4

Modeling of the one-dimensional signals propagation
In the modeling process the following parameters were used: the wavelength . Fresnel transformation formulas (1) and random field generations (12) were implemented using fast Fourier transform. Input optical distribution passes consecutively 6 times through the Fresnel transformation (1) with 10 zm  ; thus, the field extends over 60 meters. Note that the passage of 60 meters using only one transformation does not change the overall picture, as the random field has a correlation function that depends on the propagation distance. 
5
Modeling of the singular Gaussian beams propagation
In analogy to the one-dimensional case we can consider the distribution of optical beams in two-dimensions variant. The difference will consist only in the fact that the corresponding one-dimensional transformations are replaced by the two-dimensional ones.
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Information Technology and Nanotechnology (ITNT-2016) 62 Table 1 shows the results of comparative modeling of propagation of the fundamental Gaussian beam and of vortex Laguerre-Gaussian laser beams [26, 31, 32] in a random medium. A lot of thin phase screens with a random distribution, separated by a free space, were used for modeling. Thus, the beam periodically acquires random phase changes in the thin screen, passes part of the way in free space. During the modeling the screens with uniform random phase noise in the range of [0, ] were located every 1.5 km of the passage way of 15 km. As follows from the given results of the modeling, at a distance of 15 km the sizes of the Gaussian and of the vortex beams become virtually identical, although originally the Gaussian beam was more compact. Note that the vortex phase structure of the Laguerre-Gaussian beam remains sufficiently expressed despite the significant noise and the distance covered. The stability of the vortex beam to turbulent impact was noted in the work [13] , where it was stated that the vortex beam can "split, deviate, wander" outside the area of the detector, but will never disappear. In this work it was shown that a vortex beam of the fifth order is stored in the turbulent medium for over 2 kilometers, and is then splits into first order vortices that are lasting longer than 10 kilometers.
Conclusion
The operator, based on extended Huygens-Fresnel principle, of optical beam propagation through turbulence media was considered. The generation of a random field describing the inhomogeneous media with a given correlation function is implemented by linear filtering of white noise in the spectral domain. Deviation between the calculated correlation function and the given correlation function showed good performance of this algorithm. The computations of intensity distributions of Gaussian beams of high order were performed in the free space and random media. Less broadening of the vortex beam in comparison with fundamental beam was shown based on comparative modeling of fundamental Gaussian beam and vortex laser beam propagation in random media.
